The overcapacity of China's coal industry is mainly caused by the inefficiency of the production processes and the imbalance between market supply and demand (effective supply shortage). Due to the particularity of China's overcapacity, traditional capacity utilization rates do not well represent the real situations of China's overcapacity in coal industry. Based on the differences of production conditions in coalproducing provinces in China, this article quantitatively estimates the coal production capacity utilization rates of 24 coal-producing provinces and regions in China from 2001 to 2016 by using the heterogeneous stochastic frontier analysis method. It Evaluates China's coal industry overcapacity index by introducing a correction factor of the demand-supply ratio, which takes into consideration of the supply-demand imbalance characteristics of Chinese overcapacity. The research findings show that the overall level of capacity utilization in China's coal industry is not high, and regional differences are significant. In addition, it is observed that the production capacity utilization rate is lower in northeast and east China than that in west and central China. Coal capacity utilization rate and its heterogeneity are affected by exogenous variables such as economic development and other variables. The coal overcapacity index has obvious cyclic characteristics, and there are still opportunities for improvement in the western production areas and the provinces with large-scale production capacity.
I. INTRODUCTION
Coal industry plays a critical role and takes a dominant position in China's energy structure, and coal's supply and demand fluctuations have direct impact on the country's economic development and social stability. Currently, China's economic development has entered a new era. The overall economic growth rate is slowing down. Clean energy, such as natural gas and nuclear energy, is being developed rapidly. On the other hand, environmental regulations have been increasing and coal demand has fallen. The coal industry is facing the overcapacity challenge. The consequences of overcapacity are usually multifold, e.g., the price of coal
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has fallen dramatically, some enterprises have went into bankruptcy, and the overall economic situations of the coal industry has taken a sharp turn for the worse. To curb the disorderly growth of coal production capacity, China has made an important strategic task to reduce coal production capacity since the 12th five-year plan. A total of 7,100 backward coal mines with 560 million tons of coal output have been closed, and progresses have been made in reducing coal production capacity. In 2016, with the full implementation of the state policy, the profits of China's coal industry recovered sharply, and there is even a shortage of supply in some regions. Some enterprises believed that the production capacity had been well balanced. However, the Chinese government clearly stated that approximately 800 million tons of backward production capacity of the coal industry will be eliminated per VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ year during the 13th five-year plan period. By 2020, the coal production capacity will be further reduced to 4.2 billion tons, basically balancing supply and demand. The current administrative capacity reduction policy in China's coal industry is quick in the short term, however, the policy may be unsustainable in the long term. If we strictly stick to the policy, the imbalance between supply and demand will be maintained, coal price will continue to rise, the cost of downstream industries will increase, and profits will diminish, and eventually the price of finished products will rise. If we accelerate the release of capacity, the early control of coal production capacity will become meaningless. Therefore, targeted capacity regulation and reasonable capacity planning based on scientific analyses of China's coal overcapacity status are key to achieving sustainable and healthy development of the coal industry.
Chinese and international scholars have slightly different definitions of overcapacity. Western scholars define overcapacity from a microcosmic perspective. Chamberlin (1947) first proposed the concept of overcapacity as the economic organization inefficiencies that deviate from full productivity under imperfect competition. Kamien & Schwartz (1972) noted that overcapacity is the situation when the average cost of enterprises in monopoly competition and imperfect competition is the smallest and the output is greater than the actual output. The common conclusion of Western scholars is that overcapacity is a relative concept and an inevitable result of market competition. During a certain period, industries with excessive capacity will evolve into balanced industries as the survival of the fittest in the market and the change in economic environments. This understanding of overcapacity differs much from the understanding in China. In China, overcapacity refers to the imbalance between supply and demand in an industry. That is, the production capacity generated by investment greatly exceeds the actual demand (Gao, 2015) [1] . Therefore, Chinese scholars define overcapacity from the perspective of macro-economic supply and demand perspective, i.e., overcapacity is a state in which the production capacity of products on the market greatly exceeds the actual demand capacity during the cyclical fluctuations of the economy (Wang, 2013) [25] , and the excess is greater than the threshold of spare capacity needed to maintain normal production and competition (Liu and Ge, 2010) [30] . Accordingly, Chinese coal industry overcapacity can be defined as follows: the theoretical production capacity of coal exceeds the actual demand due to unreasonable resource allocation, policy restrictions, and market fluctuations. It is generally believed that the theoretical production capacity, namely, the production capacity, refers to the total amount of products that can be produced under the condition of rational resource allocation and full utilization of production resource.
In Western countries, capacity utilization (CU) is a common method used to measure the degree of overcapacity in an industry. The CU of an industry is equal to the ratio between the actual output over the potential output of an industry in terms of capacity. Potential output is measured by means of the production function or cost function. If the actual output is already known, the larger he potential output is, the smaller the capacity utilization rate will be. On this basis, evaluated the coal CU of China by Hicks-neutral and Solow-neutral models [32] . Yu et al. (2018) estimated China's coal power overcapacity with a cross-province power and energy balance model, and showed that there is a general trend of increasing overcapacity in most provinces by 2020 and the national excess scale will be around 210GW [35] . Qing et al. (2018) analyzed China's excess coal capacity by dividing it into the long-term natural excess capacity and short-term cyclical excess capacity using the state-space model and Kalman filter algorithm [34] . Feng et al. (2015) used data envelopment analysis to calculate the capacity utilization rate of China's coal industry from 1980 to 2013 [36] . Zhao and Huang (2014) used the transcendental logarithmic cost function to calculate the capacity utilization rate of China's coal industry from 1994 to 2012. Their study found that China's coal industry, in general, has a low capacity utilization rate, with an average capacity utilization rate of 79.96% [37] .
To sum up, there are still the following problems to be solved in scholars' research on China's coal capacity utilization rate. 1) Most expressions of overcapacity in China's coal industry are based on capacity utilization rate, but from the measurement method of capacity utilization rate, it can't effectively reflect the characteristics of supply and demand imbalance of ''Chinese-style'' overcapacity. 2) China is a vast country with uneven regional economic development levels and different resource endowment conditions. However, capacity utilization and overcapacity should have their own laws. But now, capacity utilization and overcapacity have not been well studied considering regional heterogeneity. Based on above, this paper takes each coal-producing province in China as the basic production unit, and uses the heterogeneity stochastic frontier model to measure the coal productivity utilization rate of each province. We further conducts exploratory analysis on the factors causing the heterogeneity of the coal productivity utilization rate of each province. In addition, the utilization rate of production capacity in different production regions is discussed from the perspective of the region and production scale. The ratio of product demand to supply is used to evaluate the overcapacity index to reflect the real situation of overcapacity in China's coal industry. In this paper, the heterogeneous stochastic boundary model [40] is applied to the estimation of capacity utilization rate of China's coal industry, and the index of overcapacity is extended. Based on the sales rate of production capacity, the index of China's coal overcapacity is calculated to reflect the imbalance between supply and demand of ''Chinese style'' overcapacity.
The rest of this paper is organized as follows. The model of capacity utilization ratio measurement of China's coal industry and variable setting are introduced in the section II. The part III is the measurement results and regional comparison of coal capacity utilization rate of China. China's coal overcapacity index is calculated in section IV. The part V is the result discussion and policy suggestion.
II. ASSESSMENT METHOD OF COAL CAPACITY UTILIZATION
Capacity utilization rate (CU) is based on the theoretical output (capacity) estimate. Measurement methods of capacity include the peak value method (Klein, 1967), function method (Berndt, Morrison and Watkins, 1981) and Production frontier method (including DEA and SFA). The peak value method is an earlier method of capacity estimation, which is simple to operate, but it seems far-fetched to assume the output at the peak point as the theoretical capacity. The function method includes the production function method and the cost function method. Due to the researchers' different definition standards of production capacity, the production capacity estimation results are quite different. Data envelope analysis (DEA) constructs the production frontier with input and output data, does not set specific functional forms, and uses mathematical programming to solve the DEA efficiency frontier, with relatively robust results, but ignores the influence of random factors on the frontier. SFA adopts the method of parameter estimation to determine the production function, decomposing the deviation from the frontier into nonnegative inefficiency term and random disturbance term. This method is more consistent with the actual production situation in the industry and easy to explain the results from the perspective of production. Therefore, this paper adopts SFA as the estimation method of China's coal industry capacity.
Stochastic frontier analysis (SFA) was proposed in the papers published by Meeusen and Broeck (1977) and Aigner, Lovell and Schmidt (1977). Kumbhakar, Ghosh, and McGuckin (1991), Huang and Liu (1994), Battese and Coelli (1995) proposed to parameterize the mean of pre-truncated distribution and study exogenous influencing factors of nonefficiency terms using the famous one-step method. From another perspective, Caudill and Ford (1993), Caudill, Ford, and Gropper (1995), and Hadri (1999) parameterized the variance of pre-truncated distribution to study the heterogeneity of inefficient terms. Hung-jen Wang (2002) combined the two and proposed a heterogeneous random boundary model in which both the mean and variance of the inefficiency terms were affected by exogenous factors [40] . Jorge E. Galán et al. (2014) estimated the heterogeneity of inefficiencies using Bayesian method [30] . This paper estimates the theoretical capacity of China's coal industry by using the heterogeneous stochastic frontier model. In this method, production function is designed to construct the production front. The Cobb-Douglas function is generally adopted, and its general form is as follows: (1) where Y it represents the output of the ith production unit in period t. K it and L it represent the input amount of capital and labor of the ith production unit in period t. A represents the technical level, and β 1 and β 2 represent the elasticity coefficients of capital and labor, respectively. When β 1 +β 2 = 1, it represents the scale effect unchanged, and e ε it represents the error. By decomposing the error term, then, formula (1) can be expressed as:
In formula (2), u it represents the inefficiency term, v it is the random error term, ε it is the mixed error term, and ε it = v it − u it . Takes the logarithm of both sides of equation (2) to obtain a linear expression:
In (3), β 0 , β 1 , β 2 , v it and u it are the parameters to be estimated. Assuming that v it is normally distributed and independent, namely,
Since u it has the feature of unilateral distribution, we assume that it follows a nonnegative truncated normal distribution, namely,
To reflect the differences in coal production faced by different provinces, the heterogeneity parameter of u it is set as follows:
where b 0 , b 1 are constants, z it is the factor influencing production capacity heterogeneity. δ and γ are coefficients.
Formulas (3) and (4) constitute the heterogeneous stochastic frontier model of heterogeneity, and the maximum likelihood method can be used to estimate the unknown model parameters. The logarithmic likelihood function is:
where
, φ ( ) and ( ) are the density function and cumulative distribution function of standard normal distribution, respectively. After using maximum likelihood estimation to obtain the estimated value of model parameters, the coal production capacity of each production unit can be assessed as:
The capacity utilization rate is constructed to represent the degree of deviation between the actual output and potential output of each production unit, and the expression is:
The estimated formula of CU it is:
In conclusion, with the help of the heterogeneous stochastic frontier model, we can first quantitatively analyze the production efficiency of each coal production unit, namely, the capacity utilization rate, and then obtain the excess degree VOLUME 7, 2019 of its coal production capacity. Second, we can analyze the impact of exogenous variables on the productivity inefficiency of the coal industry, that is, the mean value (ω it ) and its fluctuation (σ 2 it ). The likelihood ratio test can be used to examine the applicability of the stochastic frontier model. The original hypothesis is H 0 : u it = 0, that is, productive capacity is fully utilized. The alternative hypothesis is H 1 : u it = 0, that is, production capacity is underutilized. The likelihood ratio statistic
are the likelihood function values under the null hypothesis and alternative hypothesis, respectively. Similarly, the likelihood ratio test can be used to select the better heterogeneous model form.
III. VARIABLE SELECTION AND ESTIMATION A. ESTIMATON OF THE CAPITAL STOCK OF CHINA'S COAL INDUSTRY
For the estimation of capital stock, most scholars adopt the method of perpetual inventory. The net value of capital stock in the current period is the sum of the net value of capital stock in the previous period and the new capital in the current period. The calculation formula is as follows:
where K it represents the capital stock of the coal industry in the ith region in period t with the base period as the constant price, I it represents the new investment, and IPI it represents the fixed asset investment price index in period t of the ith region. By offsetting the new investment, which can be expressed by the base period constant price. ϑ t is the depreciation rate of capital stock in period t of the coal industry. According to Tian's (2016) calculation of the depreciation rate of fixed assets in China's subindustries from 1990 to 2014 [21] , we take the average depreciation rate of the mining industry as the depreciation rate of the capital stock of the coal industry. According to the practice of Zhang et al. (2004) [38] , the initial capital stock of the coal industry in each coal-producing province is expressed by dividing the actual investment amount of the coal industry in the base period by 10%. The base period of this study is 2001.
B. LABOR INPUT SETTING
Due to the availability of data, labor input is expressed by the year-end number of all employees in the coal industry in each province. The all employees refer to the all staff of this unit work and obtain the labor remuneration, including onthe-job worker, re-employment of the retired personnel, and the foreign workers as well as Hong Kong, Macao and Taiwan workers, part-time staff, borrowed personnel from other units and second professionals, but not including employees who leave the unit and still retain labor relations.
C. COAL CAPACITY UTILIZATION FACTOR VARIABLE SELECTION
In this paper, the heterogeneity of coal capacity utilization rate in each coal producing province is investigated from three aspects: economic development level, market fluctuation and production cost. The annual gross domestic product (GDP) is selected as the indicator of the economic development level of each province and region, and the nominal GDP of each year is converted into the constant price gross domestic product based on the GDP in 2001 by the month-on-month GDP index. The sales turnover rate of coal in each province (CSAL) is selected as the proxy indicator of market fluctuations. According to theoretical analysis, once the investment is formed, the potential output of coal, or the production capacity, can also be formed. However, enterprises may adjust the output according to market changes, thus affecting the utilization rate of production capacity. Taking the cost-tosales ratio (CSR) as the proxy index of coal production cost in each province, the difference of production cost may be one of the important factors that cause the heterogeneity of coal capacity utilization rate in each province.
IV. ESTIMATION AND RESULT ANALYSIS OF COAL CAPACITY UTILIZATION IN CHINA
In Equation (3), the coal-producing province coal output (Y it ) is set as the dependent variable, with capital (K it ) for the coal industry and coal industry labor input (L it ) as the independent variables and the regional GDP (GDP it ), the province sales turnover rate (CSAL it ) and the cost-to-sales ratio (CSR it ) as the influencing factors of coal capacity utilization. 
A. EATIMATION RESULTS OF HETEROGENEOUS STOCHASTIC FRONTIER MODEL
According to the research methods proposed by [2] , [39] , [13] and [40] , the one-step maximum likelihood method can directly estimate results of production function and factor parameters affecting capacity utilization, as shown in Table 1 . Table 1 lists the results of a variety of different settings for capacity utilization. The first four models all passed the likelihood ratio test, indicating that it is reasonable to adopt the heterogeneous stochastic frontier model to estimate the sample data. Model 1 is an unconstrained heterogeneous stochastic frontier model, indicating that the mean and variance of production capacity inefficiency will vary from different production units. Model 2-model 5 are obtained by applying various constraints on the basis of model 1. Model 2 assumes that factors have an impact on mean of capacity inefficiency but no impact on its volatility. The capacity inefficiencies of all production units are subject to a truncated semi-normal distribution with heterogeneity at the truncation but constant variance. Model 3 assumes that coal productivity capacity inefficiency is not affected by any factors, but the degree of its heterogeneity is affected by factors. Model 4 assumes that the inefficiency of each production unit is subject to the semi-normal distribution of the heterogeneity truncated at zero. For comparison, Model 5 is a traditional regression model, that is, it is assumed that the inefficiency of productivity is all caused by random factors (u it = 0).
As far as the estimated results of production function are concerned, from Model 1 to Model 5 (in Table 1 ), the coefficients of capital input (lnK it ) and labor input (lnL it )-β 1 andβ 2 , are both significantly positive at the 1% level, which indicates that both capital factor and labor factor are driving the growth of China's coal industry. The last four rows in Table 1 is the result of the likelihood ratio test. The null hypothesis of LR1 is ''no productivity capacity inefficiency'', while the null hypothesis of LR2 is ''no heterogeneous productivity inefficiency''. The results show that, under these two tests, the first four models are significantly better than Model 5, and the unconstrained stochastic frontier model (Model 1) is significantly better than the other four models, indicating that China's coal industry has productivity capacity inefficiencies and significant heterogeneity in its inefficiencies. The subsequent analyses in this paper are all based on Model 1.
The regression results of Model 1 in Table 1 show that the economic development variable (GDP) has a positive impact on the average of the inefficiencies of coal production capacity ( δ 1 = 0.115), and is significant at the level of 1%, indicating that economic development contributes to the inefficiency of China's coal production capacity. In recent years, China's economic growth has been investment-led, with investment pouring into industries such as real estate (especially in third-tier and fourth-tier cities), heavy industry and local government infrastructure construction. As the upstream of these industries, the coal industry has naturally attracted much social capital. Investment takes place in the stage of good returns and short supply, leading to the rapid expansion of coal production capacity. However, the emphasis on the increase of production but neglect the improvement of quality, resulting in the overall technical level of the coal industry is not high, the utilization rate of coal capacity decline. This also shows that China's coal industry is still in an extensive and disorderly growth mode during the sample period (Wang, 2017) [23] . The positive effect of economic development on the inefficiency of coal production capacity also indicates, to some extent, that the innovation investment of Chinese coal enterprises is still at a low level. Technological innovation and technological progress are conducive to the product upgrading and structural adjustment of enterprises to solve the contradiction between effective supply shortage and demand upgrading from the supply side and thus help alleviate and resolve overcapacity. Rapid economic development has not prompted coal enterprises to increase investment in technological innovation, and scientific and technological innovation has a low contribution rate to industry development (China's 13th five-year plan for coal industry development).
The regression results of Model 1 also show that market volatility variable (CSAL) has a negative impact both on the mean of inefficiency and the heterogeneity of it, with the regression coefficients are δ 2 = −0.609 and γ 2 = −0.625 respectively, both of which were significant at the 1% level. This result is consistent with the reality, as coal consumption increased and prices rose, coal enterprises will increase production and speed up the release of production capacity. The gap between potential output and actual output of the coal industry can be reduced, the level of non-efficiency is reduced and the capacity utilization rate is increased. As consumption goes down and coal prices go down, coal companies will deliberately reduce their production output. Due to the early investment in coal capacity has been formed, the gap between potential output and actual output increased, coal capacity utilization rate decreased. The upward fluctuation of the market price reduces the heterogeneity of coal production inefficiency in each province, and shows the phenomenon of convergence. Specifically, the utilization rate of coal production shows the trend of improvement (from the perspective of its influence on the average value of the inefficiency term). This is because the market's positive signal will accelerate the release of the original capacity of coal enterprises, trying to increase output, so that capacity utilization generally improve. However, the impact of market depression on coal production provinces is different. For example, it has a relatively small impact on provinces with rich resources and good coal quality, and a large impact on provinces with poor coal quality with lack and dispersion of resources. As a result, the impact on output varies greatly, and the heterogeneity of coal capacity utilization rate increases. The following D. shows the difference comparison of the impact of CSAL on the capacity utilization of different regions and provinces.
According to the empirical results of Model 1, we can also see that the cost variable (CSR) has a significant positive effect on the average non-efficiency of coal production capacity ( δ 3 = 2.112) and a significant negative effect on its heterogeneity ( γ 3 = −2.764). The higher the cost ratio is, the lower the output of the same input will be, thus the inefficiency will rise and the utilization of capacity will decline. From the spatial distribution of China's coal resources and production, some mining history longer provinces, such as the northeast three provinces, Shandong, Henan and so on, due to the lack of resources gradually, and difficult exploitation gradually increase, combined with artificial cost increase and the enterprise for social reasons, such as to cause the production cost is higher and higher. And the high cost in a short period of time is not easy to change, so the room for improvement in production efficiency is very limited, and show the convergence phenomenon.
B. COAL INDUSTRY CAPACITY UTILIZATION ANALYSIS
Using heterogeneous stochastic frontier analysis, we can quantitatively analyze the CU of each coal-producing province, and the estimated results are shown in Table 2 .
According to the calculation results, the capacity utilization rate of China's coal industry showed a trend of first rising and then declining from 2001 to 2016 as seen from the National capacity utilization in Table 2 The number of small coal mines increased rapidly, and the coal production capacity expanded significantly. Due to the extensive exploitation of resources and the low technical and management efficiency, the actual output of coal was far lower than the theoretical capacity, and the utilization rate of capacity was relatively low. 2) Since 2004, China's coal industry has entered a stage of rapid development. The market reform has been deepened, the resources integration has been strengthened, the construction of large bases and large groups has been accelerated, the production efficiency of the industry has been improved, and the profit margin of the industry has increased significantly. At the same time, during this period, China's economy developed rapidly, the annual economic growth remained above 10%, coal consumption demand increased, and the utilization rate of coal industry capacity increased significantly. However, due to the rise of coal prices and the improvement of the industry profit margin, the enthusiasm of the whole society to invest in coal construction was stimulated to a great extent. The total fixed asset investment in coal increased sharply year by year, accelerating the construction of coal production capacity nationwide and laying the foundation for the subsequent coal overcapacity. 3) From 2012 to 2016, China's economy entered a low-speed growth stage, and the coal consumption demand decreased. In addition, affected by international coal prices, new energy, environmental policies and other factors, the total sales volume of the coal industry was reduced, the utilization rate of capacity was reduced, and the degree of overcapacity became serious.
C. REGIONAL ANALYSIS
In terms of the regional characteristics of the coal production capacity utilization rate, the CU differs greatly across production areas. Among them, Inner Mongolia, Shaanxi, Guizhou and Xinjiang have high average annual capacity utilization rates of 86%, 82%, 87% and 81% respectively, by calculating the average annual capacity utilization rate of these provinces from 2001 to 2016. The reason is that these areas are rich in coal resources and emerging production bases in China, with large industrial scale, rich coal resources, good coal quality, shallow burial, simple geological structure, and relatively high capacity utilization rate. However, due to resource exhaustion, complex geological conditions and high labor costs, the utilization rate of the old production bases in the east and northeast has been at a low level. For example, the average annual capacity utilization rate in Heilongjiang, Jiangsu and Shandong is approximately 64%.
To make a better comparison and analysis of the coal capacity utilization rate in various coal-producing provinces and regions in China and try to find the law of productivity utilization between provinces, this research makes a comparative analysis from two perspectives. The first is the comparison between different areas. According to the distribution characteristics of China's coal resources and production, China's 24 coal-producing provinces and regions are divided into four production areas: Northeast (Liaoning, Jilin and Heilongjiang), East (Beijing, Hebei, Jiangsu, Fujian and Shandong), Central (Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan) and West (Inner Mongolia, Guangxi, Sichuan-Chongqing, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang). The characteristics of the sequential development of coal capacity utilization in the four production areas are shown in Fig. 1 (a) . The utilization rate of production capacity in the West has been significantly better than that of the other three production areas since 2004. Due to resource exhaustion and high development costs, the utilization rate of production capacity in the Northeast and East has been declining since 2001. The second perspective is the comparison of productivity utilization rates among provinces and regions with different coal production scales. According to the annual output of each coal-producing province, all coal-producing provinces are divided into three groups-Which have equal number members, namely, Smallscale, Medium-scale and Large-scale in order of output from small to large. Then calculate the average coal capacity utilization rate of each scale from 2001 to 2016 for comparison. The results are shown in Fig. 1 (b) . There are significant differences in the productivity utilization rate of provinces with different coal production scales. The capacity utilization rate of provinces with large coal production is obviously better than that of provinces with small and medium coal production scales.
D. THE HETEROGENEITY OF CAPACITY UTILIZATION IN CHINA'S COAL INDUSTRY
The heterogeneous stochastic frontier model (Model 1 in Table 1 ) was estimated for the Northeast, East, Central and West, respectively, and the results are shown in Table 3 .
By comparing the estimation results of the four producing areas, we can find that the scale returns of the four producing areas are different. The scale returns of Northeast and East are decreasing (β 1 +β 2 < 1), while Central is basically unchanged (β 1 +β 2 ≈ 1), and the West is increasing (β 1 +β 2 > 1). This is because the coal resources in the Northeast and East have entered a dry period, which is difficult to exploit. A large number of mines are facing closure, the industry has entered a recession, and the marginal output of factor input is decreasing. However, the coal resources in the West is relatively rich with short mining time, and more large coal production bases. The mechanization degree and production technology are in the forefront of the industry with high input and output level.
GDP has a significant positive effect on the average productivity inefficiency of the East and Central (value ofδ 1 is 0.008 and 0.113), while it has no significant effect on the other two production areas. Due to the current situation of coal resources in Northeast, the capital stock growth is slower. For example, in Heilongjiang and Liaoning, the coal industry experienced the ''golden decade'' with average growth of 14% and 6% in capital stock, while the average growth in Shanxi was 20%, such that the development of the economy did not lead to capacity expansion in the northeast area. The West is China's emerging coal production base, with a greater degree of state control and a smaller degree of marketization. Therefore, it experiences the orderly growth of coal capacity.
Market fluctuation variable (CSAL) has an inhibitory effect on productivity inefficiency in the four production areas (δ 2 is significantly negative in all the four regions). As analyzed above, its influence on Northeast and East (old production bases) is greater(−0.907 and −2.135) than that on Central and West (new production bases). CSAL has a significant impact on the heterogeneity of productivity utilization in Northeast (γ 2 = −9.41).
The cost variable (CSR) has a significant positive impact on productivity inefficiencies in Northeast, Central and West (δ 3 significantly positive in the three areas), where the impact on the Northeast and West is greater (δ 3 =1.884 and 2.769). The reason is that the high production cost in the Northeast with a long mining history is an important reason to limit the improvement of capacity utilization. For the West, the effective improvement of the cost ratio is an important way to improve capacity utilization.
V. CHINA COAL OVERCAPACITY INDEX BASED ON SUPPLY AND DEMAND IMBALANCE
''Chinese-style'' overcapacity has the structural characteristics of unbalanced supply and demand, specifically, the phenomenon of oversupply caused by insufficient effective supply. Although the coal capacity utilization ratio calculated by actual output/potential capacity reflects the imbalance between supply and demand to some extent, because enterprises will adjust output appropriately according to the changes in demand.
However, as the indicator of overcapacity, it will underestimate the level of ''Chinese-style'' overcapacity. Therefore, the production capacity sales rate index CU 2 = Y D /Y * is constructed as the proxy index of ''Chinese-style'' production capacity utilization level, where Y D is the coal sales volume and Y * is the theoretical coal production capacity. Since the sales volume data is missing in some years, the expression of sales rate of production capacity is transformed as follows:
The converted capacity sales rate can be interpreted as the capacity utilization rate after the correction with demandsupply ratio (CA), which can be replaced by sales value/coal industrial output value in the year where sales data are missing. The revised capacity utilization rate has an inverse relationship with the degree of overcapacity, that is, the higher the level of capacity utilization, the lower the degree of overcapacity. According to Kirkley overcapacity index, the revised coal capacity utilization rate can be converted into the coal overcapacity index:
The coal overcapacity index of China's 24 provinces and regions are shown in table 4. Similarly, the overcapacity index is compared with different regions and production scales. As shown in Fig. 2 , from the trending chart of the coal overcapacity index, the index of coal overcapacity based on the revised utilization rate of coal capacity increases in volatility and has cyclical characteristics. Compared with Fig. 1 , the gap among groups has narrowed, indicating that the imbalance between supply and demand in the coal market is an important part of the overcapacity in China's coal industry, and simply improving production efficiency cannot solve the problem of overcapacity in China's coal. Compared with Fig.1 (a) , the overcapacity index of West is not as optimistic as capacity utilization, and even worse than that of the other three regions in some years, such as 2006 and 2011, indicating that the West neglected the market while pursuing production in these years. It can be seen from Fig. 2 (b) that the variation rules of overcapacity index of provinces with different sizes are roughly the same, and the gap between groups is not obvious, and large-sized and medium-sized provinces have no advantages. This shows that although these regions have advantages in CU, they still cannot balance with China's energy consumption demand. The overcapacity of China's coal industry is characterized by structural overcapacity. 
VI. CONCLUSION
Based on the inter-provincial heterogeneity of coal resources occurrence and production in China, this paper estimates the utilization rate of coal production capacity in each coal-producing province by heterogeneity stochastic frontier model, and analyzes the inter-provincial differences.
After using the demand-supply ratio to the capacity utilization, the index of China's coal industry inter-provincial overcapacity is obtained. This paper draws the following conclusions and puts forward relevant policy suggestions on this basis: 1) During the sample period, there is a phenomenon of diminishing returns to scale in China's coal industry, and the utilization rate of production capacity first increases and then decreases, and the overall utilization rate level is not high. Among them, the scale returns in Northeast and East are decreasing seriously, while the coal production in West is in the stage of increasing returns. Economic development variables have a positive impact on the average productivity inefficiency, especially in East and Central. Market fluctuations have a significant negative impact on the coal production inefficiency, and the impact on Northeast and East production areas is greater than the impact on Central and West production areas. The cost variable has a significant positive impact on the coal productivity inefficiency, and has a greater impact on Northeast and West production areas.
2) During the sample period, the productivity utilization rate of Central and West is significantly better than that of Northeast and East. In the scale comparison, the capacity utilization rate of large-scale production provinces is obviously better than that of other two scale provinces.
3) The overcapacity of China's coal industry is composed of two parts: the insufficient utilization of production factors in the production link and the imbalance of supply and demand in the market (supply exceeds demand). After taking supply and demand factors into consideration, the inter-provincial gap of capacity utilization ratio shrinks. Overcapacity in China's coal industry has cyclical and structural characteristics. Simply increasing the utilization rate of capacity cannot solve the problem of overcapacity in China's coal industry. Coal enterprises still need to study the market and make demand-oriented investment and production decisions.
It can be seen from the conclusion that, due to the limitation of resource occurrence and production conditions, the expansion of coal production capacity in Northeast and East production areas should be restricted, the elimination of backward production capacity should be accelerated, and the planned transfer of production capacity should be carried out, so as to improve the utilization rate of production capacity and maintain the long-term utilization of resources. Orderly investment and construction of large coal production bases and improving industrial concentration can effectively improve the utilization rate of production capacity. To solve the problem of overcapacity, the imbalance between supply and demand is the key. According to the environmental constraints and the upgrading of the demand of the consumer end of the coal industry, a series of targeted supply-side reforms such as technological innovation and product upgrading are the only way to deal with ''Chinese-style'' overcapacity. Finally, reduce government regulation, increase market competition and allow coal enterprises to make independent decisions according to the market, so as to promote the sustainable and healthy development of China's coal industry.
